Electronic Supplementary Material (ESI) for ChemComm.
This journal is © The Royal Society of Chemistry 2021

Supporting Information

K2S.0g activation by glucose at room temperature for synthesis and functionalization of heterocycles

In water

Joydev K. Laha* and Mandeep Kaur Hunjan

Department of Pharmaceutical Technology (Process Chemistry),
National Institute of Pharmaceutical Education and Research,
S. A. S. Nagar, Punjab 160062,

India

E-mail: jlaha@niper.ac.in

Table of Contents

I MECHANISTIC INSIGHT S . ... e e e e e et 2
I EXPERIMENTAL SECTION. ...ttt e e e e e e e e e e e et ettt et e ee e 6
I CHARACTERIZATION D AT A . .ottt e e e e e e e e et 18
IV REFEREN CES . ... e e e e e e e 31

Vo TH AND B30 SPECTRA ..ttt oo oo e oot e oo et e oo ettt 33


mailto:jlaha@niper.ac.in

I. MECHANISTIC INSIGHTS:

General mechanism for K2S20s activation by glucose at room temperature:

Glucose is responsible for the heterolytic cleavage of K,S,0s to sulfate radical anion (SO4™) and sulfate anion (SO42") at room temperature (Eqn-
1).! This SO4" can further generate hydroxyl (HO") radical by reaction with water at room temperature (Eqn-2).! Unlike K:S,0s mediated
transformation in an organic solvent, two reactive radicals are present in K2S20g mediated transformation in water. The SO4™ could alone perform
the transformation depending on the nature of substrate (Eqn-3). The HO" radical could oxidize glucose into glucuronic acid by oxidizing —-CH.OH
group of glucose (Eqn-4). Similarly, the presence of SO4" and HO" radical are responsible for the oxidation of -CHO group of glucose to form
gluconic acid (Eqn-5).2 However, the two radicals could work synergistically with the substrate, which is clearly distinct from the reactions

performed in an organic solvent.

Glucose *+ 038-0-0-SO; — SO42 , SO, Eqn-1

SO, + HO0 —— = Hso; + OH Eqn-2
SO, + Substrate — =  Product + HSO," Eqn-3
'OH + Glucose —— = Glucuronic acid Eqn-4
SO, + "OH + Glucose — Gluconic acid Eqn-5

Two highly reactive radical species generated in the system are 86; and OI:I

To understand the role of both these radicals in the oxidative transformations, we carried out some control experiments. As reported in the

literature,® some solvents and organic compounds are used to quench the radicals. Under the optimized condition, isoquinoline was acylated in



85% vyield (Entry-1). When water was replaced with methanol, a solvent known to quench SO4™, no product formation was observed (Entry-2).

However, when methanol was added as a quencher in the optimized condition, the product 3m formed in 20% yield, suggesting the role of HO*

radical as well (Entry-3). Furthermore, when a HO" radical quencher, tert-butanol was added in the optimized reaction condition, the product

formation was deprived to 40% yield (Entry-4). Also, tert-butanol along with 1 equiv of 0.1 N NaOH in the optimized reaction condition yielded

reduced product (30% vyield, Entry-5). As nitrobenzene is known to trap the HO" radical, addition of 1 equiv of nitrobenzene reduced the product

formation to 20% suggesting involvement of HO" radical also in the transformation (Entry-6).

0
N + COOH
_N
2i 1a
Entry Quencher

1 -
2 Methanol as solvent (No water)
3 Methanol
4 t-butanol
5 t-butanol + 0.1 N NaOH
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K2S20g _N
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Water, 40 °C, 12 h (@)

3m
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yield
3m observed in 30%
HO* )
yield



. 3m observed in 20%
6 Nitrobenzene HO’ )
yield

From the above experiments, it cannot be claimed that only sulfate radical anion is responsible for the respective transformation. Both SO4™ and
HO" radicals could work synergistically for the respective oxidative transformations for the synthesis and functionalization of N-heterocycles.

Based on previous reports, a mechanism of aroylation of isoquinoline is shown below:
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1. EXPERIMENTAL SECTION:

General Methods

Unless noted otherwise, all reagents and solvents were purchased from commercial sources and used as received. All reactions were performed in
a screw-capped vial. Reactions were monitored by TLC, which was performed with 0.2 mm Merck pre-coated silica gel 60 F254 Aluminium
sheets. TLC plates were visualized with UV light and iodine chamber. Column chromatography was performed using silica gel (60-120 mesh,
100-200 mesh, and 230-400 mesh). The *H and 3C NMR spectra were obtained in CDCls, MeOD or DMSO-ds as solvent using a 400 MHz, 500
MHz and 100, 125 MHz spectrometer respectively with MesSi as an internal standard. Chemical shifts () are given in ppm and Coupling constants
(J values) are given in Hz, pattern was designated as s, singlet; bs, broad singlet; d, doublet; dd, doublet of doublet; dt, triplet of doublet; t, triplet;

m, multiplet.
1. Preparation of substituted a-oxocarboxylic acids:
0 _ 0
SeO0, (1.5 equiv)
CHs g COOH
R‘©)‘\ Pyridine, 110 °C, 5 h RJ{>)k

All substituted a-oxocarboxylic acids were prepared from oxidation of corresponding methyl ketones with SeO, according to the reported

procedure.* In a dry, single-neck, 25-mL, round-bottom flask equipped with a stir bar and flushed with nitrogen, the substituted aryl-methyl ketone
(2.0 mmol) and selenium dioxide (SeOz, 1.5 equiv) were added followed by anhydrous pyridine (10 mL). The reaction mixture was heated in an

oil bath to 110 °C for 1 h, and then the bath temperature was reduced to 90 °C. The mixture was stirred at this temperature (90 °C) for an additional
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4 h, and progress of the reaction was monitored by TLC. After completion of the reaction, as determined by TLC, the solution containing
precipitated selenium was filtered using a Buckner funnel, and the residue was washed with ethyl acetate (50 mL). The combined filtrate was
treated with 1 N HCI (20 mL), the organic layer was separated, and the aqueous layer was extracted with ethyl acetate (3 x 50 mL). The organic
layers were combined and treated with 1N NaOH (50 mL), and the aqueous layer was separated. The organic layer was extracted with water (25
mL) and the combined aqueous layers were acidified using 1N HCI to about pH 1.5. The mixture was extracted with ethyl acetate (3 x 50 mL),
and the combined organic layers were dried (anhydrous Na,SO4) and concentrated on a rotary evaporator (Bath temperature: 40-45 °C). The crude

arylglyoxylic acid products were purified by silica-gel column chromatography using ethyl acetate:hexane (ratio: 9:1) as solvent system for elution.

2. Procedure for the synthesis of 2-aroylated heterocycles (3a-3q):

Q K>S,054 (2 equiv) Q
. COOH , Hetero Glucose (1 equiv) < HetAr
arene H,0, 40°C, 12 h
1a-1f 2a-2k 3a-3q

In an oven-dried screw cap vial equipped with a magnetic stir bar was charged with a-oxocarboxylic acids derivative (0.5 mmol), heteroarenes (1
equiv), K2S20g (2 equiv) and Glucose (1 equiv). Water (2 mL) was added by syringe. The tube was sealed and the mixture was allowed to stir at
room temperature (almost 40 °C) for 12 h. The reaction mixture was neutralized with saturated solution of Na,COs3 (10 mL) by constant stirring.
It was then extracted with EtOAc (20 mL x 2). The organic layer was dried (Na>2SQOs), concentrated under reduced pressure, and purified by column
chromatography [100-200# silica, EtOAc - hexanes = 2:8] to give the desired acylated products. Note: 0.1 N NaOH (1 equiv) was added in some

cases.



3. Procedure for the synthesis of E-Chalcone (5):

i K2S,0s (2 equiv) 0
Glucose (1 equiv) =
COCH | O O + 2CO,
Z>CO0OH DMSO:H,0 (1:9), 40 °C
1a 4 5

To a 10 mL Schlenk tube was added Phenylglyoxylic acid (0.5 mmol), cinnamic acid (1 equiv), K2S20s (2 equiv), 0.1 N NaOH (1 equiv) and
Glucose (1 equiv). The tube was evacuated and backfilled with N2. H2O (1.7 mL) and DMSO (0.3 mL) were added. The reaction mixture was
stirred at 40 °C for 15 h. Upon completion, the resulting mixture was neutralized with saturated solution of Na2CO3 (10 mL) and the resulting
mixture was extracted with EtOAc (20 mL x 2). The organic phase was separated, dried over anhydrous Na>SOa, filtered, and concentrated in
vacuo. The resulting residue was purified by column chromatography on silica gel [100-200# silica, EtOAc - hexanes = 1:9] to give the desired

product E-chalcone in yellow solid (87 mg, 84%).

4. Procedure for the synthesis of a-ketoamide (7):

Q O
K28208 (2 equiv) I/
COOH \ Glucose (1 equiv) Nw
SN o
H,0, 40°C, 12 h

1a 6 7

A sealable reaction tube equipped with a magnetic stirrer bar was charged with a-keto acid (0.5 mmol), triethylamine (3 equiv), K2S20g (2 equiv)

0.1 N NaOH (1 equiv) and Glucose (1 equiv) in water (2 mL). The reaction was carried out at room temperature (~40 °C) for 12 h. Then the



mixture was extracted with ethyl acetate (20 mL x 2). The organic phase was dried over anhydrous Na,SOg, filtered, and concentrated under
reduced pressure. The residue was purified by column chromatography on silica gel [100-200# silica, EtOAc - hexanes = 1:9] to afford the

corresponding product in yellow oil (71 mg, 70%).
5. General procedure for the synthesis of potassium salts of the a-oxocarboxylic acids (11a-11d):
Q KOBu (1 equiv) Q )
©)J\COOH ©)1\COOK
ethanol, rt, 2 h

Following a literature procedure, a solution of potassium tert-butoxide (1 mmol) in ethanol (1 mL) was added drop by drop to a solution of a-

oxocarboxylic acids (1 mmol) in ethanol (1 mL) over 30 minutes. After complete addition, the reaction mixture was stirred for another 2 h at room
temperature. A gradual formation of a precipitate was observed. The resulting solid was collected by filtration, washed with ethanol (2 x 10.0 mL),
diethyl ether (10.0 mL) respectively, transferred to a round-bottomed flask and dried it under vacuum to give corresponding potassium salts of a-

oxocarboxylic acids.®

6. Procedure for the synthesis of 2-arylated benzimidazoles (12a, 12d):

NH, o K,S,05 (2 equiv) N
©: - COOK Glucose (1 equiv) @[ \>_®
NH, H,0, 12 h, t N R




In an oven-dried screw cap sealed tube equipped with a magnetic stir bar was charged with o-phenylenediamine (0.5 mmol), aryl a-oxocarboxylic
acid salt (1 equiv), K2S20g (2 equiv), Glucose (1 equiv) and water (2 mL) were added in the sealed tube. The tube was sealed and the mixture was
allowed to stir at room temperature (~40 °C) for 12 h. After reaction was complete, the reaction mixture was extracted with EtOAc (20 mL x 3).
The organic layer was dried over sodium sulphate, concentrated under reduced pressure and purified by using column chromatography (100-200

# silica, EtOAc — Hexane = 3:7) to give the desired cyclized product.

7. Procedure for the synthesis of 2-arylated benzothiazoles (12b, 12¢):

NH2 o K28208 (2 GQUiV) N
@[ - cOOK Glucose (1 equiv) @[ \>_®
SH H,0, 12 h, rt S R

In an oven-dried screw cap sealed tube equipped with a magnetic stir bar was charged with 2-aminothiophenol (0.5 mmol), aryl a-oxocarboxylic

acid salt (1 equiv), K2S20s (2 equiv), Glucose (1 equiv) and water (2 mL) were added in the sealed tube. The tube was sealed and the mixture was
allowed to stir at room temperature (~40 °C) for 12 h. After reaction was complete, the reaction mixture was extracted with EtOAc (20 mL x 3).
The organic layer was dried over sodium sulphate, concentrated under reduced pressure and purified by using column chromatography (100-200

# silica, EtOAc — Hexane = 3:7) to give the desired cyclized product.

8. Procedure for the synthesis of 2-arylated benzoxazoles (12c, 12f):

NH, O K,S,05 (2 equiv) N
©: . COOK Glucose (1 equw)= ©: \>_®
OH H,0, 12 h, rt O R




In an oven-dried screw cap sealed tube equipped with a magnetic stir bar was charged with 2-aminophenol (0.5 mmol), aryl a-oxocarboxylic acid
salt (1 equiv), K2S20s (2 equiv), Glucose (1 equiv) and water (2 mL) were added in the sealed tube. The tube was sealed and the mixture was
allowed to stir at room temperature (~40 °C) for 12 h. After reaction was complete, the reaction mixture was extracted with EtOAc (20 mL x 3).
The organic layer was dried over sodium sulphate, concentrated under reduced pressure and purified by using column chromatography (100-200

# silica, EtOAc — Hexane = 3:7) to give the desired cyclized product.
9. Procedure for the synthesis of 2-arylated quinazolinones (129):

0]
CONH, i K2S204 (2 equiv) ©\)\ NH
@[ , COOK Glucose (1 equiv) 7
NH, H,0, 12 h, rt

In an oven-dried screw cap sealed tube equipped with a magnetic stir bar was charged with 2- aminobenzamide derivatives (0.5 mmol), aryl o-

oxocarboxylic acid salt (1 equiv), K2S20s (2 equiv), Glucose (1 equiv) and water (2 mL) were added in the sealed tube. The tube was sealed and
the mixture was allowed to stir at room temperature (~40 °C) for 12 h. After reaction was complete, the reaction mixture was extracted with EtOAc
(20 mL x 3). The organic layer was dried over sodium sulphate, concentrated under reduced pressure and purified by using column chromatography

(100-200 # silica, EtOAc — Hexane = 3:7) to give the desired cyclized product in a yellow solid (98 mg, 89%).

10. Procedure for the Synthesis of 2H-1,2,4-benzothiadiazine-1,1-dioxide (12h):

10



K5S,0g (2 equiv) \\//
SOZNHZ Glucose (1 equiv)
COOK
NH2 H,O, 12 h, rt

In an oven-dried sealed tube, 2-aminobenzenesulphonamide (0.5 mmol), phenylglyoxylate salt (1 equiv), K2S20g (2 equiv), 0.1 N NaOH (1 equiv),

Glucose (1 equiv) and water (2 mL) were added in the sealed tube. The tube was sealed and the mixture was allowed to stir at 40 °C for 12 h. After
reaction was complete, the reaction mixture was extracted with EtOAc (20 mL x 3). The organic layer was dried over sodium sulphate, concentrated
under reduced pressure and purified by using column chromatography (100-200 # silica, EtOAc — Hexane = 3:7) to give the desired cyclized

product in a dark yellow solid (97 mg, 75%).

11. Procedure for Synthesis of 2-Aryl Quinazoline from salt of a-oxocarboxylic acid and Amine (12i):

K>S5,03 (2 equiv)
0 2920g
CHoNH, Glucose (1 equiv)
* COOK NS
NH, H,0, 12 h, rt P

N

2-aminobenzylamine (0.5 mmol), salt of a-oxocarboxylic acid (1 equiv), potassium persulphate (3 equiv), 0.1 N NaOH (1 equiv) and glucose (1
equiv) were dissolved in 2 mL of water in an oven dried seal tube and stirred the reaction at room temperature for 12 h. After completion of
reaction, the reaction mixture was extracted with EtOAc (20 mL x 3) and dried over sodium sulphate. Removal of the solvent under vacuum
afforded the crude product, which was purified by column chromatography using hexane/ethyl acetate mixture [100-200# silica, EtOAC - hexanes

= 2:8] gave the corresponding pale yellow cyclic product (82 mg, 80%).
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12. Procedure for the synthesis of biaryls oxo acid (13a)°®:

Pdy(dba); (1 mol%)
0 X-Phos (2.4 mol%) 0]

K3PO4'H,O (3 equiv) CHj,
+ H3C
Br H . . (o]
(HO),B Dioxane:water (3:1), 100 °C, 12 h O O

2

An oven-dried screw cap vial equipped with a magnetic stir bar was charged with a bromobenzene derivative (1 mmol), 2-acetyl benzeneboronic
acid (1.2 equiv), Pd2(dba)s (1 mol%), X-Phos (2.4 mol%) and K3PO4-H20 (3 equiv). The tube was evacuated and backfilled with nitrogen. Dioxane
(3 mL) and H20 (1 mL) were added via a syringe under a flow of nitrogen. The tube was sealed and the mixture was stirred at 100 °C for 12 h.
The reaction mixture was allowed to cool to room temperature, neutralized with a saturated solution of Na,CO3 (10 mL) and extracted with EtOAc
(20 mL x 2). The combined organic layers were dried (Na2SOs), concentrated under reduced pressure, and purified by column chromatography

[60-120# and 100-200¢# silica, ethyl acetate/hexane = 1 : 9] to give the desired product.

0 0
CHs COOH

Q O SeO; (2 equiv) _ Q O

Pyridine, 80 °C, 8 h

Following a literature procedure,* a solution of methyl ketone substrate (0.5 mmol), SeO; (2 equiv.) and pyridine (0.5 mL) was heated at 80 °C for
6-8 h. After complete consumption of the substrate (monitored by TLC), the reaction mixture was filtered through a Buchner funnel and the
residue was washed with ethyl acetate. The organic layer was extracted with 1 N HCI (10 mL x 2). The organic layer was separated and extracted

with a 2 M NaOH solution (10 mL x 2). The combined aqueous layer was separated and acidified with 6 N HCI to adjust the pH to 2. The aqueous
12



layer was extracted with ethyl acetate (20 mL x 2). The combined organic layers were concentrated under reduced pressure and purified by

recrystallization (dichloromethane/hexane) to give the desired product.
13. Procedure for the synthesis of 9-fluorenone (14a):

0
COOH K,S,0g (2 equiv)

0]
O O Glucose (1 equiv) 0.0
14a

H,0, 40 °C, 12 h
13a

In an oven-dried screw cap vial equipped with a magnetic stir bar was charged with biaryls a-keto acid (0.5 mmol), K2S,0g (2 equiv), Glucose (1
equiv) and H20 (2 mL). The tube was sealed and the mixture was allowed to stir at room temperature (~40 °C) for 12 h. The reaction mixture was
neutralized with saturated solution of Na;COs (10 mL) and extracted with EtOAc (20 mL x 2). The organic layers were dried (Na2SOs),
concentrated under reduced pressure, and purified by column chromatography [100-200# silica, ethyl acetate/hexane = 1:9] to give the desired

cyclized product in yellow solid (64 mg, 71%).
14. General Procedure for the Synthesis of Dibenzodiazepines (15):

Pd(OAc), (10 mol%)
BINAP (15 mol%)

NH
E)\/\Br HzN: C K,COj3 (5 equiv) § C
+
Br HoN Toluene, 110 °C, 16 h N

13



Following a literature procedure, a mixture of o-phenylenediamine (1.5 mmol), 2-bromobenzyl bromide (1 mmol), Pd(OAc). (10 mol%), BINAP
(15 mol%), and K2COs (5 equiv) in toluene (6 mL) was purged with argon and heated at 110 °C for 16 h in a rubber septum-covered screw-capped
vial under argon. The reaction mixture was cooled to room temperature and diluted with excess ethyl acetate. The resulting suspension was filtered
through a Celite pad, and the filtrate was concentrated under reduced pressure. The residue was purified by column chromatography on silica gel

(petroleum ether/ethyl acetate, 4:1-3:2) to give the dibenzodiazepines.

15. Procedure for the synthesis of Phenazine from Dibenzodiazepine (16):

NH K28208 ZeqUIv
D Glucose ( 1eqU|v ©: O
H H,O, rt, 6 h

15

A stirred suspension of dibenzodiazepine (0.5 mmol), K2S20s (2 equiv) and Glucose (1 equiv) in water (2 mL) was stirred at room temperature
(~40 °C) for 6 h in a screw-cap vial. Then the mixture was extracted with ethyl acetate (20 mL x 2). The organic phase was dried over anhydrous
Na2S0s, filtered, and concentrated under reduced pressure. The residue was purified by column chromatography on silica gel using hexane/ethyl

acetate as eluent [100-200# silica, EtOAc - hexanes = 1:9] to give phenazine in light yellow solid (78 mg, 87%).

16. Procedure for the synthesis of 5-phenyl dipyrromethane (17):

14



Oxy~COOH K»S,05 (3 equiv)

H , Glucose (2 equiv) H

E/) DCE:H,0, rt, 12 h A N
\nn s

2a (2equiv) 1a (1 equiv) 17

In an oven-dried screw cap vial equipped with a magnetic stir bar, phenylglyoxylic acid (0.5 mmol) was dissolved in water (2 mL). Pyrrole (2
equiv), K2S20g (3 equiv) and Glucose (2 equiv) were then added in the tube. The tube was sealed and the mixture was allowed to stir at room
temperature (~40 °C) for 12 h. The reaction mixture was neutralized with saturated solution of NaHCO3 (10 mL) by constant stirring. It was then
extracted with DCM (20 mL x 3). The organic layer was dried (Na2SOs), concentrated under reduced pressure, and purified by column

chromatography [100-200# silica, EtOAC - hexanes = 1:9] to give the desired product in dark brown solid (56 mg, 51%).

17. Procedure for scale up synthesis of 1-benzoyl isoquinoline (3m):

Os_-COOH K,S,03 (2 equiv) O
@ Glucose (1 equiv) 0
+
2N H,0O, rt, 12 h O N

=

In an oven-dried 250 mL round bottom flask equipped with a magnetic stir bar, isoquinoline (0.78 g, 6 mmol), Phenyglyoxylic acid (0.90 g, 1
equiv), K2S20g (3.24 g, 2 equiv) and Glucose (1.08 g, 1 equiv) were added. Water (25 mL) was added and the reaction was stirred at 40 °C for 12

h. After completion of reaction, the reaction mixture was neutralized with saturated solution of Na2CO3z (20 mL) by constant stirring. It was then

15



extracted with EtOAc (30 mL x 2). The organic layer was dried (Na2SO4), concentrated under reduced pressure, and purified by column

chromatography [100-200# silica, EtOAC - hexanes = 2:8] to give 1-benzoyl isoquinoline (1.10 g, 80%).
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I11. CHARACTERIZATION DATA:

Phenyl(1H-pyrrol-2-yl)methanone (3a)® Brown solid (68 mg, 80%)
H
N
SRV
3a

1H NMR (500 MHz, CDCl3): & 10.16 (s, 1H), 7.90 (d, J = 7.1 Hz, 2H), 7.56 (t, J = 7.4 Hz, 1H), 7.48 (t, J = 7.2 Hz, 2H), 7.17 (s, 1H), 6.89 (s, 1H), 6.35-

6.34 (m, 1H); 3C NMR (125 MHz, CDCl3): 6 185.1, 138.4, 133.5, 131.9, 131.2, 130.2, 129.1, 128.5, 128.4, 125.6, 119.9, 111.1

(2-chlorophenyl)(1H-pyrrol-2-yl)methanone (3b) 8 Yellow solid (76 mg, 75%)

H
N
CrG)
Cl

3b

1H NMR (400 MHz, CDCls): & 10.56 (s, 1H), 7.50 (t, J = 7.4 Hz, 2H), 7.43 (td, J = 1.7, 7.0 Hz, 1H), 7.37 (t, J = 7.4 Hz, 1H), 7.24 (s, 1H), 6.64 (s, 1H),
6.33-6.31 (m, 1H); 13C NMR (100 MHz, CDCls): & 184.8, 138.1, 133.2, 131.6, 131.3, 130.9, 130.5, 130.3, 129.4, 129.3, 127.3, 126.7, 126.6, 126.3,

121.5,111.4

(3-methoxyphenyl)(1H-pyrrol-2-yl)methanone (3c) Dark Yellow solid (73 mg, 73%)

17



'H NMR (400 MHz, CDCl3): § 9.91 (s, 1H), 7.52 (d, J = 7.5 Hz, 1H), 7.44-7.39 (m, 2H), 7.18 (s, 1H), 7.13 (dd, J = 2.4, 8.2 Hz, 1H), 6.94 (s, 1H), 6.37

(s, 1H), 3.90 (s, 3H); 3C NMR (100 MHz, CDCls): 6 184.6, 159.6, 139.6, 131.1, 129.3, 125.4, 121.5, 119.5, 118.2, 113.6, 111.1, 55.5

(4-bromophenyl)(1H-pyrrol-2-yl)methanone (3d) € Dark brown solid (95 mg, 77%)

O

H
N
jony,
Br

3d

1H NMR (400 MHz, CDCl3): & 9.89 (s, 1H), 7.80 (dd, J = 1.8, 6.6 Hz, 2H), 7.65 (dd, J = 1.8, 6.7 Hz, 2H), 7.20-7.18 (m, 1H), 6.89-6.87 (m, 1H), 6.38-

6.36 (m, 1H); 13C NMR (100 MHz, CDCls): 6 183.5, 137.0, 131.6, 130.8, 130.5, 126.7, 125.5,119.3, 111.3

Benzo[d]thiazol-2-yl(phenyl)methanone (3e)? Light brown solid (83 mg, 70%)

i

3e

18



1H NMR (400 MHz, CDCls): & 8.60-8.57 (m, 2H), 8.28-8.26 (m, 1H). 8.06-8.04 (m, 1H), 7.72-7.68 (m, 1H), 7.64-7.59 (m, 4H); 13C NMR (100 MHz,

CDCl3): 6 185.4, 167.1, 153.9, 137.0, 134.9, 133.9, 131.3, 128.5, 127.6, 126.9, 125.7, 122.2.

(5-bromothiophen-2-yl)(phenyl)methanone (3f)% Light brown solid (103 mg, 78%)

3f

IH NMR (400 MHz, DMSO-de): 6 8.08 (d, J = 5.1 Hz, 1H), 7.78 (d, J = 8.3 Hz, 2H), 7.75 (t, J = 7.4 Hz, 1H), 7.57 (t, J =7.5 Hz, 2H), 7.36 (d, J = 5.2 Hz,

1H); 3C NMR (100 MHz, DMSO-de): 6 187.9, 137.9, 135.4, 134.1, 133.7, 133.2, 129.7, 129.5, 129.3, 129.1, 115.7

(2-methyl-1H-indol-3-yl)(phenyl)methanone (3g)? Yellow solid (80 mg, 68%)

e) Me
oo
39

1H NMR (400 MHz, CDCls): & 8.77 (s, 1H), 7.78 (d, J = 7 Hz, 2H), 7.57 (t, 7.4 Hz, 1H), 7.48 (t, J = 7.3 Hz, 2H), 7.41 (d, J = 8.1 Hz, 1H), 7.33 (d, / = 8

Hz, 1H), 7.19 (t, J = 7.1 Hz, 1H), 7.09 (t, J = 7.2 Hz, 1H), 2.56 (s, 3H); 3C NMR (100 MHz, CDCl3): § 193.3, 143.6, 141.3, 134.7, 131.5, 128.9, 128.3,

127.6,122.4,121.6,120.9, 114.0, 110.6, 96.1, 14.5

19



Phenyl(pyrazin-2-yl)methanone (3j)° White solid (38 mg, 40%)

1H NMR (400 MHz, CDCls): 6 9.28 (d, J = 1.2 Hz, 1H), 8.81 (d, J = 2.5 Hz, 1H), 8.72-8.71 (m, 1H), 8.10 (d, J = 8.4 Hz, 2H), 7.67 (t, J = 7.4 Hz, 1H), 7.54

(t, J = 7.5 Hz, 2H); 13C NMR (100 MHz, CDCl3): 6 192.3, 146.8, 146.1, 142.9, 133.6, 130.9, 128.4

Phenyl(quinolin-2-yl)methanone (3k)'° White solid (70 mg, 60%)

3k

1H NMR (400 MHz, CDCls): & 8.37 (d, J = 8.5 Hz, 1H), 8.27-8.22 (m, 3H), 8.13 (d, J = 8.5 Hz, 1H), 7.93 (dd, J = 0.7, 8.1 Hz, 1H), 7.83-7.78 (m, 1H),
7.70-7.63 (m, 2H), 7.54 (t, J = 6.0 Hz, 2H); 3C NMR (100 MHz, CDCl): 6 193.8, 154.7, 146.7, 137.1, 136.2, 133.1, 131.5, 130.6, 130.1, 128.9, 128.4,

128.2,127.7,120.8.

Quinoline-2,4-diylbis(phenylmethanone) (31)*° Off-white solid (50 mg, 30%)
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'H NMR (400 MHz, CDCl3): § 8.34-8.28 (m, 3H), 8.15 (s, 1H), 8.01 (d, J = 8.4 Hz, 1H), 7.93 (dd, J = 1.0, 8.2 Hz, 2H), 7.88-7.84 (m, 1H), 7.70-7.66 (m,
3H), 7.58-7.51 (m, 4H); 3C NMR (100 MHz, CDCls): 6 195.7, 193.0, 153.8, 147.2, 145.5, 136.4, 135.8, 134.4, 133.3, 131.5, 130.6, 129.6, 128.9,

128.2,125.7,125.4, 119.4.

Isoquinolin-1-yl(phenyl)methanone (3m)*! White solid (99 mg, 85%)

3m

1H NMR (500 MHz, CDCls): & 8.57 (d, J = 5.6 Hz, 1H), 8.20 (d, J = 8.5 Hz, 1H), 7.94 (d, J = 7.8 Hz, 2H), 7.89 (d, J = 8.3 Hz, 1H), 7.77 (d, J = 5.6 Hz, 1H),
7.70 (t,J = 7.8 Hz, 1H), 7.58 (t, J = 7.4 Hz, 2H), 7.45 (t, J = 7.7 Hz, 2H); 13C NMR (125 MHz, CDCl3): 6 194.8, 156.4, 141.2, 136.8, 136.7, 133.7, 130.8,

128.6,128.4,127.2,126.4,126.2, 122.7

Phenyl(quinazolin-4-yl)methanone (3n)*? Light brown solid (92 mg, 79%)
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'H NMR (400 MHz, CDCl3): 6§ 9.44 (s, 1H), 8.17 (d, J = 8.5 Hz, 1H), 8.08 (d, J = 8.4 Hz, 1H), 8.01-7.96 (m, 3H), 7.69-7.65 (m, 2H), 7.52 (t, J = 7.6 Hz,

2H); 33C NMR (100 MHz, CDCl3): 6 192.8, 164.1, 153.8, 151.3, 135.2, 134.7, 134.5, 130.6, 129.1, 128.8, 128.7, 125.8, 122.1

Isoquinolin-1-yl(thiophen-2-yl)methanone (30)*! Light brown solid (87 mg, 73%)

1H NMR (400 MHz, CDCl3): & 8.64 (d, J = 5.6 Hz, 1H), 8.56 (d, J = 8.6 Hz, 1H), 7.92-7.85 (m, 2H), 7.83 (d, J = 5.6 Hz, 1H), 7.79-7.77 (m, 2H), 7.67 (td,
J=1.2,7.1Hz, 1H), 7.17 (t, J = 4.8 Hz, 1H); 3C NMR (100 MHz, CDCl3): & 186.1, 154.6, 142.6, 140.9, 136.9, 136.7, 136.1, 130.7, 128.7, 128.4,

128.1,127.1,126.4,126.3, 123.6

(1H-indol-3-yl)(quinolin-4-yl)methanone (3p)*° Yellow solid (108 mg, 80%)
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=N
3p

'H NMR (400 MHz, CDCl3): 6 9.10 (d, J = 3.1 Hz, 1H), 8.83 (s, 1H), 8.68 (d, J = 7.7 Hz, 1H), 8.37 (d, J = 8.5 Hz, 1H), 8.31 (d, J = 8.5 Hz, 1H), 8.25 (d, J

= 8.4 Hz, 1H), 7.93, (d, J = 8 Hz, 1H), 7.82 (t, J = 7.1 Hz, 1H), 7.67 (t, J = 7 Hz, 1H), 7.49 (d, J = 7.5 Hz, 1H), 7.42-7.37 (m, 2H)
(E)-chalcone (5)*? Yellow solid (87 mg, 84%)

OC

5

1H NMR (500 MHz, CDCl3): & 8.02 (d, J = 7.7 Hz, 2H), 7.83-7.79 (m, 1H), 7.65-7.63 (m, 2H), 7.58-7.49 (m, 4H), 7.42-7.40 (m, 3H); 3C NMR (125

MHz, CDCls): 6 190.6, 144.9, 138.3, 134.9, 132.8, 130.6, 129.1, 128.7, 128.6, 128.5, 122.2.

N,N-diethyl-2-oxo-2-phenylacetamide (7)*3 Yellow oil yield (71 mg, 70%)
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1H NMR (400 MHz, CDCl3): & 7.94 (d, J = 8.4 Hz, 2H), 7.65-7.61 (m, 1H), 7.51 (t, J = 7.7 Hz, 2H), 3.56 (q, J = 7.2 Hz, 2H), 3.24 (g, J = 7.1 Hz, 2H),

1.29 (t,J=7.2 Hz, 3H), 1.16 (t, J = 7.1 Hz, 3H); 3C NMR (100 MHz, CDCls): 6 191.6, 166.7, 134.5, 133.2, 129.6, 128.9, 42.1, 38.8, 14.1, 12.8.
2-phenyl-1H-benzo[d]imidazole (12a)** White solid (82 mg, 85%)
H
N
CL—O
N
12a

1H NMR (400 MHz, DMSO-ds): & 12.60 (s, 1H), 8.30 (dd, J = 1.7, 7.2 Hz, 2H), 7.84 (d, J = 7.9 Hz, 1H), 7.56-7.47 (m, 4H), 7.33 (t, J = 8 Hz, 2H); 13C

NMR (100 MHz, DMSO-ds): 6 155.1, 154.6, 136.1, 132.5, 132.4, 130.8, 130.7, 129.7, 129.3, 128.3, 115.6.
2-phenylbenzo[d]thiazole (12b) * White solid (84 mg, 80%)
CL,
)
N
12b

1H NMR (400 MHz, CDCl3): & 8.15-8.10 (m, 3H), 7.93 (dd, J = 0.4, 8 Hz, 1H), 7.56-7.50 (m, 4H), 7.41 (t, J = 7.1 Hz, 1H); 3C NMR (100 MHz, CDCl3):

6168.1,154.1, 135.1, 133.6, 130.9, 129.0, 127.6, 126.3, 125.2, 123.3, 121.6.

2-phenylbenzo[d]oxazole (12c) ** White solid (73 mg, 75%)
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12c

1H NMR (400 MHz, DMSO-de): & 8.20 (dd, J = 1.4, 7.1 Hz, 2H), 7.82-7.77 (m, 2H), 7.62-7.58 (m, 3H), 7.45-7.39 (m, 2H); 3C NMR (100 MHz, DMSO-

de): 6 162.7,150.7, 141.9, 132.4,129.7, 127.7, 126.8, 125.9, 125.3, 123.6, 120.3, 111.4.
2-(2-bromophenyl)-1H-benzo[d]imidazole (12d)** White solid (103 mg, 76 %)
H
N
L
N

Br
12d

1H NMR (400 MHz, DMSO-dg) & 12.67 (s, 1H), 7.82 (d, J = 7.8Hz, 1H), 7.73 (d, J = 7.9Hz, 1H), 7.61 (t, J = 7.32, 1H), 7.55-7.49 (m, 2H), 7.45-7.33

(m, 3H); 13C NMR (100 MHz, DMSO-de): 6 158.9, 154.1, 138.1, 132.9, 132.6, 132.1, 131.4, 131.3,131.2, 129.4, 127.9, 123.9, 122.2, 115.9.
2-(3-methoxyphenyl)benzo[d]thiazole (12e)** White solid (95 mg, 79%)

\
0

-0

12e
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1H NMR (400 MHz, CDCl3): & 8.10 (d, J = 8 Hz, 1H), 7.92 (d, J = 8 Hz, 1H), 7.71-7.70 (m, 1H), 7.60 (d, J = 8.1 Hz, 1H), 7.54-7.50 (m, 1H), 7.43-7.39
(m, 2H), 7.06 (dd, J = 8.2, 2.5 Hz, 1H), 3.94 (s, 3H); 13C NMR (100 MHz, CDCl3): 6 167.9, 160.1, 154.1, 135.1, 134.9, 130.1, 126.3, 125.3, 121.6,

120.3,117.4,112.1, 55.5.

2-(2-fluorophenyl)benzo[d]oxazole (12f) 14 White solid (79 mg, 75%)

'H NMR (400 MHz, CDCl3): § 7.88 (dd, J = 7.9, 1.5 Hz, 1H), 7.72 (td, J = 7.3, 1.7 Hz, 1H), 7.61-7.52 (m, 2H), 7.46-7.38 (m, 2H), 7.31 (td, J = 7.6, 0.9
Hz, 1H), 7.23 (t, J = 10 Hz, 1H); 3C NMR (100 MHz, CDCl3): § 162.0, 159.5, 151.8, 150.7, 146.7, 132.7, 132.6, 131.9, 131.5, 131.1, 131.0, 129.7,

125.8,124.3,122.9, 122.8, 116.5, 116.4, 116.2.

2-phenylquinazolin-4(3H)-one (12g) ** Yellow solid (98 mg, 89%)
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1H NMR (400 MHz, CDCl3): 6 11.69 (s, 1H), 8.35 (d, J = 7.8 Hz, 1H), 8.29-8.27 (m, 2H), 7.87-7.81 (m, 2H), 7.62-7.60 (m, 3H), 7.53 (t, J = 6.8 Hz, 1H);

13C NMR (100 MHz, CDCls): 6 163.9, 151.7, 149.5, 134.9, 132.8, 131.7, 129.1, 128.0, 127.4, 126.8, 126.4, 120.8.

3-phenyl-2H-benzo[e][1,2,4]thiadiazine 1,1-dioxide (12h)**> Dark yellow solid (97 mg, 75%)

12h

1H NMR (400 MHz, DMSO-ds): & 12.22 (s, 1H), 8.05 (d, J = 7.3 Hz, 2H), 7.87 (d, J= 7.9 Hz, 1H), 7.75-7.69 (m, 2H), 7.65-7.62 (m, 3H), 7.51 (t,J = 7.3

Hz, 1H).

2-phenylquinazoline (12i)** Pale yellow solid (82 mg, 80%)

1H NMR (500 MHz, CDCls): & 9.47 (s, 1H), 8.61 (d, J = 8.5 Hz, 2H), 8.09 (d, J = 8.4 Hz, 1H), 7.93-7.89 (m, 2H), 7.61 (t, J = 7.5 Hz, 1H), 7.55-7.50 (m,

3H); 3C NMR (125 MHz, CDCl3): 6 160.6, 150.8, 138.1, 134.2, 130.7, 128.7, 128.6, 127.4, 127.2, 123.7.

9H-fluoren-9-one (14a)® Yellow solid (64 mg, 71%)
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14a

1H NMR (400 MHz, CDCl): 6 7.64 (dd, J = 0.6, 7.2 Hz, 2H), 7.49-7.44 (m, 4H), 7.29-7.26 (m, 2H); 3C NMR (100 MHz, CDCls): § 193.9, 144.4, 134.9,

134.4,134.1,129.3,129.1, 124.5, 124.3, 120.3.

Phenazine (16)* Light yellow solid (78 mg, 87%)

IH NMR (400 MHz, CDCl3): & 8.30-8.27 (m, 4H), 7.89-7.86 (m, 4H); 13C NMR (100 MHz, CDCls): § 143.5, 130.5, 129.7.

2,2'-(phenylmethylene)bis(1H-pyrrole) (17)*” Dark brown solid (56 mg, 51%)

\ZI

\_NH
17
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1H NMR (500 MHz, CDCl3) & 7.90 (s, 2H), 7.34-7.21 (m, 5H), 6.68 (s, 2H), 6.18-6.16 (m, 2H), 5.92 (s, 2H), 5.46 (s, 1H); 13C NMR (125 MHz, CDCl3) &

142.2,132.6,128.7,128.5, 127.1, 117.4, 108.5, 107.4, 44.1.
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